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Purpose: To determine the sociodemographic factors associated with consent for storage of DNA for future genetic

research. Methods: Analysis of the characteristics of consenting individuals participating in the National Health

and Nutrition Examination Survey, a nationally representative survey of the US household population. Results: In

1999, 84% (95% confidence interval 82.4–85.6) of eligible participants consented to have their blood samples

included in a national repository for genetic research. In 2000, 85.3% (95% confidence interval 84.0–86.6)

consented. Females and black participants in both years were least likely to consent (1999, 82.2% and 73.2%;

2000, 83.6% and 81.3%, respectively). An assessment by logistic regression demonstrated that in both years only

non-Hispanic black race/ethnicity was a significant independent predictor for not consenting to future genetic

research. Conclusion: Although non-Hispanic black individuals have overall response rates similar to those of the

other racial/ethnic groups, they are less likely to agree to have a blood sample saved for future genetic research.

In balance, however, these findings demonstrate wide acceptance among survey participants for allowing storage

of specimens for future genetic research across many demographic variables. Genet Med 2003:5(1):35–42.
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With the recent advances in the understanding of the hu-
man genome, the scientific community has begun to recognize
the importance of stored biologic samples and of population
databases with genetic, phenotypic, and sociodemographic da-
ta.1– 4 Such databases may be of value both for estimating the
distribution of various alleles in the general population and in
specific subpopulations as well as for helping to understand the
causal pathways for common diseases that result from complex
interactions between genetic and environmental factors. The
addition of the collection and storage of blood samples for
genetic research was proposed to be included in the current
National Health and Nutrition Examination Survey
(NHANES) primarily because the ongoing survey already in-
cludes extensive sociodemographic and clinical data. Further-
more, NHANES is the only national survey that collects bio-
logic specimens from a representative sample of the US
population.

Although there has been research on the public’s attitudes
toward the use of biologic samples for genetic research,5 there
is little empirical evidence on the willingness of research par-
ticipants from a general population to consent to have their

genetic material included in repositories for research purposes.
Because NHANES used a unique, separate consent procedure
to document consent by participants for the storage and future
genetic testing of blood samples, these data present a unique
opportunity to assess the predictors of consent in a general
population to have genetic samples included in a research
repository.

NHANES is a cross-sectional national survey that is repre-
sentative of the US civilian noninstitutionalized population
conducted by the National Center for Health Statistics
(NCHS), Centers for Disease Control and Prevention (CDC).
Although the survey has been conducted periodically in the
past, the current survey will be fielded continuously.

In this study, we analyze data from the 1999 and 2000
NHANES to assess the sociodemographic predictors of the
willingness to participate in genetic research in a diverse, gen-
eral study population.

METHODS
Survey design

The NHANES provides national statistics on the health and
nutritional status of the civilian noninstitutionalized popula-
tion of the United States through household interviews and a
standardized physical examination in special mobile examina-
tion centers. Beginning in 1999, NHANES became a continu-
ous survey with each survey year based on a nationally repre-
sentative sample of the US civilian noninstitutionalized
population. The procedures followed to select the sample and
conduct the interview and examination were similar to those
used in previous years.6 The goals of NHANES are to monitor
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the nation’s health by estimating the number and percentage of
persons in the US population and in designated subgroups
with selected diseases and risk factors; monitoring trends in the
prevalence, awareness, treatment, and control of selected dis-
eases; monitoring trends in risk behaviors and environmental
exposures; analyzing risk factors for selected diseases; studying
the relationship between diet, nutrition, and health; exploring
emerging public health issues and new technologies; and estab-
lishing a national probability sample of genetic material for
future genetic research.

Data collection for NHANES occurs at three levels: a brief
household screener interview, an in-depth household survey
interview, and a medical examination. Consent for the exam-
ination and the collection of the DNA specimen was obtained
after the individual was selected for participation in the study
and the household interview was completed. Only participants
aged 20 or more years were eligible for this collection. Consent
for the collection of the DNA specimen was obtained sepa-
rately from the consent for the examination. The NHANES
survey and consent documents were approved by the CDC
Institutional Review Board.

The analyses are presented in this report separately for 1999
and 2000 because small changes were made in the consent doc-
uments after the 1999 data collection (Appendices 1 and 2). In
1999, the consent form was titled “Consent for Specimen Stor-
age and Future Research.” Although only participants aged 20
or more years were asked to agree to future genetic research,
younger participants and their parents were asked whether
they would agree to the storage of blood or urine for other
research projects (i.e., assessing exposures to environmental
chemicals or infectious diseases). For the 1999 data collection,
there were separate documents for consent, assent (for chil-
dren older than age 7), and parental permission. Based on feed-
back from field staff during 1999, in 2000 these multiple con-
sent documents were combined into one document and the
title was changed to “Consent/Assent and Parental Permission
for Specimen Storage and Continuing Studies.” This wording
change, made with the approval of the NHANES Institutional
Review Board, was designed to address concerns raised by the
NHANES interviewers that the word “research” was not well
understood by the public. NHANES participants are informed
that all the health data collected will be kept strictly private and
that unless they agree the staff are not allowed to discuss their
participation in the survey under penalty of federal law: Sec-
tions 308 (d) of the Public Health Service Act (42 USC 242 m)
and the Privacy Act of 1974 (5USC 552C) (http://www.
cdc.gov/nchs/data/nhanes/99bkpant.pdf). The DNA samples
and all stored specimens and data from the survey cannot be
identified by nonstaff researchers or anyone using the data
files. Data are recategorized or top-coded if there is any poten-
tial for identification of participants.

The purpose of the stored specimens was to provide a resource
for new scientific tests including genetic laboratory tests that were
not available when the participant was examined. Therefore, the
participant was informed that no specific studies were currently
planned and that researchers using their samples would not be

contacting them for any additional information. They were also
told that NCHS would not contact them with specific results, but
would provide information on the studies being conducted in a
newsletter and that proposals for use of their specimens would be
reviewed for scientific merit and by an institutional review board
to ensure that the proposed research was ethical. Finally, they were
also told they could remove their specimens at any time and were
given a toll-free number to get more information about a partic-
ular study.

During 1999, 2721 adults aged 20 years and older were se-
lected to participate. In 2000, 3680 participants aged 20 years
and older were selected.

Information on race and ethnicity was collected in two
stages, as part of the screener interview and as a part of the
in-home household interview. The race/ethnicity variables in
Table 1 were based on information obtained through a
screener, often provided by a single household member who
reported basic demographic data on persons in the household
for the purpose of sample selection. This screening was based
on two questions asked at the door for Mexican American or
Hispanic ethnicity, then the selection of a race category. The
race/ethnicity data from the screener interview differ slightly
from the final data obtained from multiple questions asked of
the participant in the interview (13 recoded to non-Hispanic
white in 1999; eight recoded to non-Hispanic white in 2000).

Race/ethnicity was categorized as non-Hispanic white, non-
Hispanic black, and Mexican American. Individuals who did
not self-select into these categories were classified as “other.”
The poverty index ratio was calculated by dividing total family
income by the poverty threshold index adjusted for family size
at year of interview. All interviews were translated into either
English or Spanish. If another language was spoken by the par-
ticipant, a family member or local interpreter translated the
interview into English.

Because the 1999 survey had lower response rates than usu-
ally obtained in NHANES, an extensive public relations cam-
paign was begun late in 1999 to explain better the survey and to
increase public acceptance. NHANES improved working rela-
tionships with local health departments and local public affairs
authorities, enhanced outreach to the communities through
church and community organizations, improved and simpli-
fied consent documents, and developed outreach materials
that addressed specific concerns of segments of the population.
These materials included a brochure designed to address the
legacy of the Tuskegee syphilis study which outlined reforms in
human subject protection, fact sheets for Mexican Americans
and African Americans, and a brochure for pregnant women.
These materials were used if a potential participant raised these
issues. Interviewers reported that these materials were very
useful answering concerns and in obtaining respondent coop-
eration. Although response rates to the survey increased 8%
between 1999 and 2000, the impact of specific efforts could not
be assessed.

The category of future nongenetic research on the consent
documents was specified so participants could agree to having
their blood kept for other laboratory tests if they were not
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comfortable with genetic research. Only 14 individuals in 1999
and 32 in 2000 did not consent to genetic research while still
agreeing to other types of future health research. In 1999, 96%
of interviewed individuals agreed to be examined and 87% of
examined individuals aged 20 or more years agreed to phlebot-
omy. In 2000, 98% of those interviewed agreed to be examined
and 88% had phlebotomy. There were no significant racial/
ethnic differences in the examination or phlebotomy rates in
both years.

Statistical analysis

These analyses are based on data used to monitor the survey
operations. Rates are therefore not weighted to produce na-
tional estimates. Consent rates, 95% confidence intervals, and
logistic regression analysis were computed with SAS version
8.2 (SAS Institute, Inc., Cary, NC). Comparisons were per-
formed with the �2 test. All P values quoted are two-tailed. The
“other” racial group was deleted from the logistic regression
because of the small sample size and the diverse composition of
the group. The language of interview could also not be mod-
eled, as it was not evenly distributed among the three racial/
ethnic groups.

RESULTS

Table 1 presents the overall response rates to the household
interview in 1999 and 2000 for individuals aged 20 or more

years. Although survey response rates exceeded 70% in 1999,
response was significantly higher in 2000. This increase was
seen in every race, sex, and age group. The largest increases in
response were for non-Hispanic whites and participants under
the age of 40 years.

Of the 2721 individuals aged 20 or more years selected for
the survey in 1999, 1947 (71.6%) completed the interview and
were eligible to sign the consent for storage of their DNA for
future genetic studies. Of these, 1635 (84.0%) agreed to the
collection of the DNA specimen (Table 2). In 2000, of the 3680
individuals in this age group selected, 2933 (79.7%) completed
the interview, and of these, 2501 (85.3%) agreed to the DNA
specimen collection.

Table 2 presents the characteristics of those eligible to
sign the genetic consent document by demographic catego-
ries for 1999 and 2000. The lowest consent rates were for
non-Hispanic blacks in both years, although the response
was significantly higher for blacks in 2000 compared with
1999. In both years females were significantly less likely to
consent (P � 0.05) than males. This gender difference was
seen in both years for all racial/ethnic groups except “oth-
ers” but was only significant (P � 0.05) for non-Hispanic
whites (data not shown). In both years the youngest and
oldest age groups had the lowest genetic consent rates. Con-
sent rates were more variable by demographic categories in
1999 compared with 2000, but indicators of economic sta-

Table 1
Overall interview response rates for NHANES 1999 –2000 participants aged 20 or more years by demographic categories

Demographic
characteristic

1999 2000

No.
eligible

No.
interviewed % (95% CI)a

No.
eligible

No.
interviewed % (95% CI)a

Total 2721 1947 71.6 (69.9–73.3) 3680 2933 79.7 (78.3–81.0)

Race/ethnicityb

Non-Hispanic
white

1330 882 66.3 (63.8–68.9) 1696 1330 78.4 (76.5–80.4)

Non-Hispanic
black

427 306 71.7 (67.4–75.9) 811 627 77.3 (74.4–80.2)

Mexican American 790 630 79.8 (76.9–82.6) 758 658 86.8 (84.4–89.2)

Other 174 129 74.1 (67.6–80.6) 415 318 76.6 (72.6–80.7)

Gender

Male 1302 920 70.7 (68.2–73.1) 1721 1349 78.4 (76.4–80.3)

Female 1419 1027 72.4 (70.1–74.7) 1959 1584 80.9 (79.1–82.6)

Age

20–29 468 361 77.1 (73.3–80.9) 585 510 87.2 (84.5–89.9)

30–39 497 345 69.4 (65.4–73.5) 577 479 83.0 (80.0–86.1)

40–49 425 310 72.9 (68.7–77.2) 571 455 79.7 (76.4–83.0)

50–59 308 223 72.4 (67.4–77.4) 487 363 74.5 (70.7–78.4)

60� 1023 708 69.2 (66.4–72.0) 1460 1126 77.1 (75.0–79.3)

a 95% confidence interval.
b Race/ethnicity is based on the screener collected for sampling purposes and therefore differs slightly from categories in Table 2 (see description in “Methods”
section).
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tus, education, and poverty level were not significantly as-
sociated with differences in either year.

A logistic regression was performed to determine which fac-
tors independently contributed to a willingness to consent in
the two study years (Table 3). Only non-Hispanic black race/
ethnicity remained associated with an unwillingness to consent
to genetic research in both years. In 2000 Mexican Americans
were also less likely to consent.

DISCUSSION

NHANES is the only national survey that collects biologic
samples on a representative sample of the US population. The

debate on the appropriate consent for genetic research is not a
new one for the program. Blood lymphocytes were collected in
the previous survey (NHANES III, 1988 –1994) in anticipation
of advances in genetic research. Although the consent docu-
ment used in that survey informed participants that some of
the blood collected would be stored for future testing, genetic
research was not specifically mentioned. This collection and
the ethical issues of using the stored samples resulted in a
workshop and consensus statement addressing the need for
specific consent for genetic studies.7 This context was the basis
for the development of the informed consent documents for
future research from specimens collected in the current survey.
The assessment of acceptance of this collection is important

Table 2
Consent to genetic research for NHANES 1999 –2000 interviewed participants aged 20 or more years by demographic categories

Demographic
characteristic

1999 2000

No.
interviewed

No.
consented % (95% CI)a

No.
interviewed

No.
consented % (95% CI)a

Total 1947 1635 84.0 (82.4–85.6) 2933 2501 85.3 (84.0–86.6)

Race/ethnicityb

Non-Hispanic white 895 766 85.6 (83.3–87.9) 1338 1179 88.1 (86.4–89.9)

Non-Hispanic black 302 221 73.2 (68.2–78.3) 621 505 81.3 (78.3–84.4)

Mexican American 625 538 86.1 (83.4–88.8) 658 548 83.3 (80.4–86.1)

Other 125 110 88.0 (82.3–93.7) 316 269 85.1 (81.2–89.1)

Sex

Male 920 791 86.0 (61.5–66.8) 1349 1177 87.3 (85.5–89.0)

Female 1027 844 82.2 (79.8–84.5) 1584 1324 83.6 (81.8–85.4)

Age

20–29 361 299 82.8 (78.9–86.7) 510 436 85.5 (82.4–88.6)

30–39 345 286 82.9 (78.9–86.9) 479 422 88.1 (85.2–91.0)

40–49 310 264 85.2 (81.2–89.1) 455 400 87.9 (84.9–90.9)

50–59 223 194 87.0 (82.6–91.4) 363 314 86.5 (83.0–90.0)

60� 708 592 83.6 (80.9–86.3) 1126 929 82.5 (80.3–84.7)

Years of educationc

Less than HS 736 611 83.0 (80.0–85.7) 1159 985 85.0 (82.9–87.0)

HS diploma 375 307 81.9 (78.0–85.8) 722 632 87.5 (85.1–90.0)

Some college 826 707 85.6 (83.2–87.9) 1037 881 85.0 (82.8–87.1)

Language of interviewd

English 1706 1440 84.4 (82.7–86.1) 2464 2098 85.2 (83.7–86.6)

Spanish 236 191 80.9 (75.2–85.7) 449 387 86.2 (83.0–89.4)

Poverty indexe

�1 272 226 83.1 (78.6–87.5) 587 509 86.7 (84.0–89.5)

�1 1221 1066 87.3 (85.4–89.2) 1832 1629 88.9 (87.5–90.4)

a 95% confidence interval.
b Confirmed race/ethnicity based on race/ethnicity questions obtained in the household interview from the participant.
c 10 individuals with missing education in 1999, 15 in 2000. HS, high school.
d 5 interviews in other language in 1999, 20 in 2000.
e Individuals with missing poverty index had lower response rates for genetic consent (1999 n � 454, 75.6%; 2000 n � 514, 70.6%).
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because of the value of a nationally representative repository of
genetic material and ability to generalize the knowledge gained
from survey participants.

There has been speculation about the willingness of the gen-
eral population to agree to participate in genetic research,5

although most studies addressing this issue have looked at par-
ticipation in clinical settings and are based on genetic testing of
members of high-risk families or on the storage of samples
related to a specific disorder.2,7–12 A recent study in Sweden
demonstrated high response rates (93%) when a randomly se-
lected sample were recontacted and asked whether blood pre-
viously collected could be used for academic genetic research.13

One of the challenges for NHANES was to develop a “Future
Genetic Research” consent document that provided sufficient
information for individuals to make an informed decision on
the future use of their blood specimen for the broad category of
health research. The survey is a general health study that covers
a variety of topics; therefore, we did not want to restrict this
national resource by limiting the future research to topic areas
that might be outdated even before the resource could be
used.14

Consent for the collection of a DNA specimen among those
who agreed to the interview increased in all demographic
groups between 1999 and 2000, possibly related to greater out-
reach activities as described in the “Methods” section. Despite
these increases, there continued to be less acceptance of genetic
research by females in every racial/ethnic group and non-His-
panic blacks in general. In both years, the NHANES program
separated the consent for future nongenetic research from
consent for genetic research to allow participants who were not
comfortable with the concept of genetic research to have their
biologic specimens to be kept for other research projects. This
option was generally ignored by participants. They agreed to
the storage of specimens and future research including genetic
research as one concept with about 1.0% in both years check-
ing the box for future research but not the box for genetic
research.

Presenting the consent document and the fact sheet on ge-
netic research to NHANES participants differs from recruit-
ment and consent issues in other genetic research studies, and
therefore these results might not be directly relevant to more
targeted study populations. Participants in NHANES are not
selected on the basis of any known disease or condition, but are
representative of the US population as defined by age, race, and
sex. The broad-based goals of the survey do not provide a mo-
tivation based on personal or familial interest in a disease. As
many as 11 examination components, 40 separate question-
naire sections, and more than 200 laboratory tests are per-
formed on participants depending on their age. Topic areas
cover diverse areas of health research such as cardiovascular
disease or sexually transmitted diseases.

Recent advances in molecular genetics and human genome
research have provided new scientific tools but have also raised
issues concerning the ethics of such research.15,16 In addition,
DNA sampling and storage from populations has also been
criticized,17 although this concept also has its supporters who
believe that such collections are necessary to determine allele
frequencies in populations to better understand disease and to
develop potential interventions.2,3 Finally, concerns about in-
clusion of all Americans in research, including minorities, has
also received attention, especially with the US government ef-
forts to include all racial/ethnic groups in human research.18

The results of this study suggest that there is broad-based
general acceptance across the demographic groups for partic-
ipation in genetic research such as that proposed for the
NHANES genetic repository. There was some variation in ac-
ceptance in subgroups of participants, with lower response
among blacks and females. The participation of African Amer-
icans in medical research has been widely discussed in the med-
ical literature because of the historical relative absence of ra-
cial/ethnic minorities in medical research and the recent
government encouragement for their inclusion in all human
subject research.8,9,18,19 The studies that have explored the con-
cerns of African Americans about participating in clinical trials
and familial cancer research have concluded that trust and
community involvement are essential for adequate participa-
tion.8 –10 Our results demonstrate that NHANES has overcome

Table 3
Relative odds for lack of consent to genetic research from logistic regression

in adult participants aged 20 years and older, NHANES 1999 and 2000

Demographic
characteristic

Odds ratio (95% CI)a

1999 2000

Race/ethnicityb

Non-Hispanic black 2.3 (1.5–3.5) 1.9 (1.4–2.6)

Mexican American 0.7 (0.4–1.1) 1.5 (1.1–2.2)

Non-Hispanic white Reference group Reference group

Sex

Female 1.4 (1.0–1.9) 1.3 (1.0–1.7)

Male Reference group Reference group

Age

20–29 1.0 (0.6–1.6) 0.8 (0.6–1.2)

30–39 0.8 (0.5–1.3) 0.7 (0.4–1.0)

40–49 0.9 (0.6–1.4) 0.6 (0.4–1.0)

50–59 0.7 (0.4–1.3) 0.7 (0.5–1.1)

60� Reference group Reference group

Years of education

Some high school 1.3 (0.8–2.0) 0.7 (0.5–1.0)

High school graduate 1.3 (0.9–2.0) 0.7 (0.5–0.9)

Some college Reference group Reference group

Poverty index

�1 1.3 (0.8–1.9) 1.3 (1.0–1.8)

�1 Reference group Reference group

a 95% confidence interval.
b Confirmed race/ethnicity based on race/ethnicity questions obtained in the
household interview from the participant.
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the barriers of African American participation in the survey,
but a higher percentage than the other racial/ethnic groups
opted out of the storage of blood for genetic research. Despite
this disparity, combining data from 1999 and 2000, almost
80% of African Americans agreed to have their genetic samples
included in a research repository. The general acceptance of
the collection of a blood sample for genetic research encour-
ages us that the program can continue to gain the trust neces-
sary to reduce any disparities in genetic consent rates.

The lower percentage of females providing consent was sur-
prising because studies on genetic testing in families with he-
reditary diseases have generally shown equal or more accep-
tance by women.11,12 Further research needs to be conducted
to determine why this discrepancy exists.

There is increasing recognition of the need for population-
based data to understand the public health implications of ge-
netic discoveries by determining the genetic variations across
differing populations and ethnic groups.3,5,20 The availability
of other biologic and environmental measures collected in
NHANES increases the benefit of this resource. The challenge
is to provide sufficient information so that participants can
make an informed decision on their willingness to participate
in the survey and to allow their blood to be stored for future
genetic studies. Data from NHANES 1999 –2000 provide em-
pirical evidence that people will agree to genetic research even
without the incentive of determining their own susceptibility
for disease. The relative success of NHANES and the increase in
consent rates between 1999 and 2000 demonstrate that with
appropriate operations and outreach efforts, population-
based genetic studies can achieve high consent rates in a gen-
eral population.

The lack of differences with regard to participation in the
interview, examination, and phlebotomy but the presence of a
racial/ethnic difference in the consent for future studies also
suggests that researchers cannot assume consent for future ge-
netic research among individuals participating in research
projects. Specific consent must be obtained if an individual’s
autonomy is to be respected in all aspects of the research, both
current and future.
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APPENDIX 1: 1999 CONSENT FORM
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APPENDIX 2: 2000 CONSENT FORM
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